The increase of solar energy production has become a solution to meet the demand of electricity and reduce the greenhouse effect worldwide. This paper aims to determine the performance and viability of direct normal irradiation of three solar tower power plants in Algeria, to be installed in the highlands and the Sahara (Béchar, El Oued, and Djelfa regions). The performance of the plants was obtained through a system advisor model simulator. It used real data gathered from appropriate meteorological files. A relationship between the solar multiple (SM), power generation, and thermal energy storage (TES) hours was observed. The results showed that the optimal heliostat field corresponds to 1.8 SM and 2 TES hours in Béchar, 1.2 SM and 2 TES hours for El Oued, and 1.5 SM and 4 TES hours for Djelfa. This study shows that there is an interesting relationship between the solar multiple, power generation, and storage capacity.
Introduction
Algeria highlighted its solar potential where as of the most important heritages in the World, because more than 2 million km 2 receive an annual insulation of about 2.5 kWh/m 2 [1, 2] . The renewable energy program involves the installation of renewable power of the order of 22 GW by the year 2030 for the national market (i.e., more than 37% of national electricity production with maintaining the export option as a strategic objective) [3] .
The world market for solar thermodynamics (CSP) is estimated at 14 GW in 2020 and 72 GW on the horizon of 2035 in very strong growth compared to the capacity installed in 2012 which amounts to 2.8 GW [4] . This strategic choice is motivated by the potential of solar energy from the "Sahara and High Plateau". This energy constitutes the major axis of the program which is devoted to solar thermal energy [5, 6] .
The geographic location of Algeria has several advantages to using solar energy. Algeria is situated in the center of North Africa between the 38-35 • of latitude north and 8-128 • longitude east, and it has an area of 2,381,741 km 2 . The Sahara represents 86% of the area of the country. The climate is transitional between maritime (north) and semi-arid to arid (middle and south).
Solar power systems have a quasi-zero proportional cost: there is no fuel, only expenses (maintenance, guarding, repairs, etc.) which depend very little on the production. However, it is The exploitation of Algeria's solar potential complements rural electrification programs. Currently, the use of renewable energies can reach regions far from the national electricity grid.
The parameters and performance of the solar tower power plants of molten salt external receivers to be installed in the North of Algeria are currently not defined. The savings potential is very high and it is planned to install several plants, without the location yet being defined. Most of the studies focus on the south of Algeria, whose solar radiation is higher than the north.
The aim of this paper is to analyze direct normal irradiation on the performance of solar tower power plants of molten salt external receivers in the North of Algeria to optimize the configuration of concentrating solar power (CSP). A comparison study between the three power stations located in the Algerian regions of Béchar, El Oued, and Djelfa, was presented. Each plant is equipped with a molten salt storage mode, the receiver is of external type and the implantation of the field of heliostats that has been defined for an annual production of 20 MW.
This research is useful for prioritizing, sizing, and locating new installations and for determining the technical parameters to be used in the construction projects of solar tower power plants of molten salt external receivers. It will also be useful to define the ideal location based on the solar radiation that maximizes the yield of the CSP plant.
Methodology
A numerical simulation under a system advisor model (SAM) based on direct normal irradiance (DNI) with real and satellite data was carried out to optimize the parameters characterizing these performances. The influence of these parameters on each other made it possible to choose an optimal CSP configuration.
In the research, SAM software (Version 2017.9.5, National Renewable Energy Laboratory. Golden, CO, USA, 2017) was used. The SAM is a software to model and simulate the performance of energy parameters and the economics of systems to facilitate the decision-making process in the field of renewable energies [25] .
The solar radiation intensity is an important factor in the evaluation of CSP plants. Direct normal irradiance is the amount of direct normal solar radiation received per unit area. There are three techniques to assess the evolution of DNI over time for a given location [26, 27] .
Optimization of the design of the heliostats field is a trade-off between optical performance and cost, so this process includes both optical and economic analysis. This implantation can be performed by determining the optimum values of the radial spacing ∆R and the azimuth spacing ∆A Z .
There are various optimization procedures to establish these two geometric position parameters. One of the most effective procedures is the radial offset arrangement [28] . The evaluation of the radial and azimuthally distance can be evaluated by empirical Equations (1) and (2) [29] . These parameters also depend on the angle (α) between the heliostat, the ground, and the tower, as shown in Figure 1 [30, 31] .
where ∆R is the radial distance between heliostats (m), HM is the heliostat height meters, θ is the receiver elevation angle from heliostat, α is the heliostat loft angle in degree, ∆A Z is the azimuthal distance between heliostats (m), and WM is the heliostat width meters (m). The size of the heliostat field influences the optical performance and depends on the desired power and temperature of the heat transfer fluid at the output. The total incident thermal energy is given by the following Equation (3):
where is the direct normal irradiation, is the surface of the heliostat, and is the number of the heliostat, and 144 m 2 was considered the surface of the heliostat field.
The efficiency of the field ηh is defined by the following Equation (4):
where is the heat flow of the receiver and is heat flow of the incident. The efficiency is calculated considering losses due to different effects (cosine, shading, blocking, overflow, reflection, dispersion) and it is given by the following Equation (5) [32] :
where is the losses due to cosine effect, is the losses due to shading effect, is the losses due to blocking effect, is the losses due to overflow; is the losses due to reflection and is the losses due to dispersion. The model of the receiver of the present study is an external type. It consists of a large number of vertically disposed pipes through which a heat transfer fluid is pumped in the vertical direction. Inside the pipe three types of heat transfer are identified (convection, conduction, and radiation) and the exchange with the outside by radiation (solar and radiation losses), by convection (losses at the body of the receiver) and by conduction (losses through thermal bridges). Figure 2 shows the different heat exchanges of the receiver with the external environment. The size of the heliostat field influences the optical performance and depends on the desired power and temperature of the heat transfer fluid at the output. The total incident thermal energy is given by the following Equation (3):
where I d is the direct normal irradiation, A h is the surface of the heliostat, and N h is the number of the heliostat, and 144 m 2 was considered the surface of the heliostat field. The efficiency of the field η h is defined by the following Equation (4):
where Q rec is the heat flow of the receiver and Q inc is heat flow of the incident. The efficiency is calculated considering losses due to different effects (cosine, shading, blocking, overflow, reflection, dispersion) and it is given by the following Equation (5) [32] :
where η cos is the losses due to cosine effect, η omb is the losses due to shading effect, η bloc is the losses due to blocking effect, η deb is the losses due to overflow; η re f is the losses due to reflection and η disp is the losses due to dispersion. The model of the receiver of the present study is an external type. It consists of a large number of vertically disposed pipes through which a heat transfer fluid is pumped in the vertical direction. Inside the pipe three types of heat transfer are identified (convection, conduction, and radiation) and the exchange with the outside by radiation (solar and radiation losses), by convection (losses at the body of the receiver) and by conduction (losses through thermal bridges). Figure 2 shows the different heat exchanges of the receiver with the external environment. The heat flux of the receiver can be expressed by Equation (6):
is the heat flow of molten salt; : loss of convection heat flow; : loss of radiation heat flux;
: loss of reflection flux; : total surface. The incidence of solar radiation Id on the receiver is evaluated by the flux map radiation model. The distribution of the radiation flux is integrated by combining the effect of the different losses occurring in a heliostats filed layout (cosine effect, shadowing effect, blocking effect, atmospheric attenuation, spillage and flux image profile), based on direct radiation from 950 W/m 2 [26, 33] . The energy absorbed by the heat transfer fluid ( ) is given by the following Equation (8):
where qhtf is the heat flow of molten salt (W), mhtf is the molten salt flow rate (kg/s), Chtf is the heat capacity of the molten salt fluid (kJ/kg·K), Thtf is the inlet temperature of the molten salt at x position (K), USi is heat transfer conductance coefficient (W/K), Tst is receiver temperature at the surface (K), Rcond is heat transfer resistance by conduction (K/W), Rconv is heat transfer resistance by convection (K/W), Dot is outer diameter of the tube (m), Dit is the inner diameter of the tube (m), Lt is length of the tube (m), Kt is thermal conductivity of the receiver tube (W/m·K), Nt is total number of the receiver tube, and Dt diameter of the tube (m). The losses by convection are given by Equation (12): The heat flux of the receiver can be expressed by Equation (6):
where q ht f is the heat flow of molten salt; q conv : loss of convection heat flow; q rad : loss of radiation heat flux; q re f : loss of reflection flux; S i : total surface. The incidence of solar radiation I d on the receiver is evaluated by the flux map radiation model. The distribution of the radiation flux is integrated by combining the effect of the different losses occurring in a heliostats filed layout (cosine effect, shadowing effect, blocking effect, atmospheric attenuation, spillage and flux image profile), based on direct radiation from 950 W/m 2 [26, 33] . The energy absorbed by the heat transfer fluid (q ht f ) is given by the following Equation (8):
where q htf is the heat flow of molten salt (W), m htf is the molten salt flow rate (kg/s), C htf is the heat capacity of the molten salt fluid (kJ/kg·K), T htf is the inlet temperature of the molten salt at x position (K), U Si is heat transfer conductance coefficient (W/K), T st is receiver temperature at the surface (K), R cond is heat transfer resistance by conduction (K/W), R conv is heat transfer resistance by convection (K/W), D ot is outer diameter of the tube (m), D it is the inner diameter of the tube (m), L t is
6 of 16 length of the tube (m), K t is thermal conductivity of the receiver tube (W/m·K), N t is total number of the receiver tube, and D t diameter of the tube (m). The losses by convection are given by Equation (12):
where q conv is the loss of convection heat flux (W), S i is total surface/Surface total (m 2 ), h conv is the convective heat losses from each receiver tube (W/m 2 ·K), T st is the receiver temperature at the surface (K), and T ic-air is the temperature of the air in the inner cavity (K). The radiation losses q rad have a negligible value because the absorber has a high absorption of short waves of solar radiation and the same for losses by reflection q re f due to the less emissivity of the long thermal waves.
The performance of a good configuration of the solar tower system is based on several parameters such as power generation injected to the grid, incident solar radiation, and storage capacity. The capacity factor and the multiple solar characterizing the performance of a central solar tower system.
The ratio of the energy generated by the system in partial time E gp and the energy generated in full-time E g f determines the capacity factor [27] and is given by Equation (13):
where CF is capacity factor, E gp is the energy generated in part-time (W), and E gf is the energy generated in full-time (W) The ratio of energy to design point (thermal power produced by the field of heliostats q s f for different DNI values), and the thermal power required by the power block under nominal conditions q pb determines the solar multiple (SM). It is expressed by Equation (14), [34] .
where SM is solar multiple factor, q sf is the energy generated by the field of heliostats (W), and q pb is the energy required by the power block (W). For a system without a storage mode, SM = 1. Table 2 shows component characteristics and design parameters of the solar tower system used in the research.
Annual meteorological database that known as the reference year test (TRY) or typical meteorological year (TMY) was used. It consists of measured values, which are statistically selected from the annual individual values measured over a long period. The file formats used are file extensions: TMY2, TMY3, EPW, and CSV. To optimize the performance of the solar tower system of different regions, one needs to optimize the solar fields by the variation of the solar multiple (SM) in function of thermal energy storage (TES) hours, in order to optimize the dimensions of the system and maximize the production of electricity and the capacity factor of the solar tower system. 
Results
The results obtained in the research, grouped according to the regions analyzed, are as follows.
Region of Béchar
In Figure 3a , it can be observed that the electrical production per square meter of heliostats increase proportionally with the SM except the decrease recorded in the interval (1.4-1.5) due to the increase in the surfaces of the heliostats mirrors and the decrease in the length of the tower, which are influenced by the losses due to the effects of the heliostat field as indicated in Figure 3b . Beyond SM = 1.6, the increase in the solar field area has no influence on the evolution of electrical production which converges and increases slightly due to the effects corresponding to the enormous expansion of the solar field and atmospheric attenuation. function of thermal energy storage (TES) hours, in order to optimize the dimensions of the system and maximize the production of electricity and the capacity factor of the solar tower system.
Results
Region of Béchar
In Figure 3a , it can be observed that the electrical production per square meter of heliostats increase proportionally with the SM except the decrease recorded in the interval (1.4-1.5) due to the increase in the surfaces of the heliostats mirrors and the decrease in the length of the tower, which are influenced by the losses due to the effects of the heliostat field as indicated in Figure 3b . Beyond SM = 1.6, the increase in the solar field area has no influence on the evolution of electrical production which converges and increases slightly due to the effects corresponding to the enormous expansion of the solar field and atmospheric attenuation. For SM values of 2.0, 2.2, and 2.4, the electrical production per m 2 increases until the peak values: 42.53 W/m 2 , 47.07 W/m 2 , and 48.55 W/m 2 for TES = 2 h, then it decreases as explained in Figure 4 . The configuration of the plant in these values requires a large area, which is not profitable. Therefore, the electrical production at the start of the system for SM = 1.8 is larger, lowers slightly to TES = 2 h, and then coincides with the curve corresponding to SM = 1.6. For SM values of 2.0, 2.2, and 2.4, the electrical production per m 2 increases until the peak values: 42.53 W/m 2 , 47.07 W/m 2 , and 48.55 W/m 2 for TES = 2 h, then it decreases as explained in Figure 4 . The configuration of the plant in these values requires a large area, which is not profitable. Therefore, the electrical production at the start of the system for SM = 1.8 is larger, lowers slightly to TES = 2 h, and then coincides with the curve corresponding to SM = 1.6. Figure 4 . The configuration of the plant in these values requires a large area, which is not profitable. Therefore, the electrical production at the start of the system for SM = 1.8 is larger, lowers slightly to TES = 2 h, and then coincides with the curve corresponding to SM = 1.6. 
Region of El Oued
The capacity factor CF evolves proportionally with the SM. The graphs converge towards close values as shown in Figure 5 . Except for the graph corresponding to TES = 0 h and SM = 2.2, which begins to descend slightly, this decrease is due to the loss of excess of the non-stored energy received by the receiver. From above, it can be concluded that the optimal point of operation of the system corresponds to the following coordinates: SM = 1.8, TES = 2 h, and the electrical production is 11.44 GWh/year. 
The capacity factor CF evolves proportionally with the SM. The graphs converge towards close values as shown in Figure 5 . Except for the graph corresponding to TES = 0 h and SM = 2.2, which begins to descend slightly, this decrease is due to the loss of excess of the non-stored energy received by the receiver. From above, it can be concluded that the optimal point of operation of the system corresponds to the following coordinates: SM = 1.8, TES = 2 h, and the electrical production is 11.44 GWh/year.
In Figure 5a , it can be seen that the electrical production per square meter of heliostats increase proportionally with the SM, except that there is a decrease recorded in the interval (1.2-1.4) , where the length of the tower has exceeded the surface of the corresponding heliostat mirrors and then decreases to the value of 80 m, to resume the increase in electrical production in the interval (1.4-1.5), as shown in Figure 5b . Beyond SM = 1.5, the curves of electrical production continue parallel to their growth but it keeps constant the value of the electrical output at SM = 1.2 and view the optimal surface of the solar field. For SM = 2.0, 2.2, and 2.4, the electrical production per m 2 increases until to peak values: 45.07 W/m 2 , 45.18 W/m 2 , and 44.79 W/m 2 for TES = 2 h then it drops as explained in Figure 6a . The configuration of the plant in these values requires a large area of the heliostat field, which is not profitable. Consequently, the electrical production at the start of the system for SM = 1.2 is greater, drops slightly up to TES = 2 h and then coincides with the curve corresponding to SM = 1.8.
The capacity factor (CF) evolves proportionally with the solar multiple (SM), the curves increase in parallel and tend towards close values as shown in Figure 6b , except for the curve corresponding to TES = 0 h and SM = 2.2 which begins to descend slightly; this decrease is due to the loss of excess of the non-stored energy received by the receiver.
From above, it can be concluded that the optimal point of operation of the system corresponds In Figure 5a , it can be seen that the electrical production per square meter of heliostats increase proportionally with the SM, except that there is a decrease recorded in the interval (1.2-1.4) , where the length of the tower has exceeded the surface of the corresponding heliostat mirrors and then decreases to the value of 80 m, to resume the increase in electrical production in the interval (1.4-1.5), as shown Figure 5b . Beyond SM = 1.5, the curves of electrical production continue parallel to their growth but it keeps constant the value of the electrical output at SM = 1.2 and view the optimal surface of the solar field.
For SM = 2.0, 2.2, and 2.4, the electrical production per m 2 increases until to peak values: 45.07 W/m 2 , 45.18 W/m 2 , and 44.79 W/m 2 for TES = 2 h then it drops as explained in Figure 6a . The configuration of the plant in these values requires a large area of the heliostat field, which is not profitable. Consequently, the electrical production at the start of the system for SM = 1.2 is greater, drops slightly up to TES = 2 h and then coincides with the curve corresponding to SM = 1.8. 
Region of Djelfa
In Figure 7 , the following variations can be distinguished. For TES = 0 h to 4 h, the electrical production per square meter of the heliostats increase respectively with the values SM = 1.2, SM = 1.6, and SM = 2, and then it decreases; for TES = 6 h to 12 h, the electrical production per square meter of the heliostats increase proportionally with to a converging value; for SM = 2.0, 2.2, and 2.4, the electricity production per m 2 of heliostat's increases proportionally with the TES. For the other SM, the electrical production increases until TES = 2 h, then it decreases. Except for SM = 1.8, the electrical production is interesting as TES exceeds 4 h. The configuration of the system becomes unprofitable (a large area, large dimensioning of the tower). On the other hand, the starting power of the plant is much better for SM = 1.5 and remains almost stable from TES = 4 h. The capacity factor (CF) evolves proportionally with the solar multiple (SM), the curves increase proportionally and tend towards close values except for TES = 0 h, 2 h and 4 h as shown in Figure 8 . The capacity factor (CF) evolves proportionally with the solar multiple (SM), the curves increase in parallel and tend towards close values as shown in Figure 6b , except for the curve corresponding to TES = 0 h and SM = 2.2 which begins to descend slightly; this decrease is due to the loss of excess of the non-stored energy received by the receiver.
From above, it can be concluded that the optimal point of operation of the system corresponds to the following coordinates SM = 1.2, TES = 2 h and the electrical production is 7.4 GWh per year.
In Figure 7 , the following variations can be distinguished. For TES = 0 h to 4 h, the electrical production per square meter of the heliostats increase respectively with the values SM = 1.2, SM = 1.6, and SM = 2, and then it decreases; for TES = 6 h to 12 h, the electrical production per square meter of the heliostats increase proportionally with to a converging value; for SM = 2.0, 2.2, and 2.4, the electricity production per m 2 of heliostat's increases proportionally with the TES. For the other SM, the electrical production increases until TES = 2 h, then it decreases. Except for SM = 1.8, the electrical production is interesting as TES exceeds 4 h. The configuration of the system becomes unprofitable (a large area, large dimensioning of the tower). On the other hand, the starting power of the plant is much better for SM = 1.5 and remains almost stable from TES = 4 h. of the heliostats increase proportionally with to a converging value; for SM = 2.0, 2.2, and 2.4, the electricity production per m 2 of heliostat's increases proportionally with the TES. For the other SM, the electrical production increases until TES = 2 h, then it decreases. Except for SM = 1.8, the electrical production is interesting as TES exceeds 4 h. The configuration of the system becomes unprofitable (a large area, large dimensioning of the tower). On the other hand, the starting power of the plant is much better for SM = 1.5 and remains almost stable from TES = 4 h. The capacity factor (CF) evolves proportionally with the solar multiple (SM), the curves increase proportionally and tend towards close values except for TES = 0 h, 2 h and 4 h as shown in Figure 8 . The capacity factor (CF) evolves proportionally with the solar multiple (SM), the curves increase proportionally and tend towards close values except for TES = 0 h, 2 h and 4 h as shown in Figure 8 . From above, it can conclude that the optimal point of operation of the system corresponds to the following coordinates SM = 1.5, TES = 4 h, and the electrical production is 18.45 GWh/year. Table 3 shows the model validation parameters simulated in Djelfa and Batna. 
Optimization of the Field of Heliostats
From the above, for the optimal points of operation of CSP system of the three regions, it can conclude that the optimal heliostat field corresponds to the solar multiple and storage hours: SM = 1.8, TES = 2 h for Béchar region; SM = 1.2, TES = 2 h for El Oued region; and SM = 1.5, TES = 4 h for Djelfa region. The simulation results are shown in Figure 9 . From above, it can conclude that the optimal point of operation of the system corresponds to the following coordinates SM = 1.5, TES = 4 h, and the electrical production is 18.45 GWh/year. Table 3 shows the model validation parameters simulated in Djelfa and Batna. 
From the above, for the optimal points of operation of CSP system of the three regions, it can conclude that the optimal heliostat field corresponds to the solar multiple and storage hours: SM = 1.8, TES = 2 h for Béchar region; SM = 1.2, TES = 2 h for El Oued region; and SM = 1.5, TES = 4 h for Djelfa region. The simulation results are shown in Figure 9 .
Type of Parameter
Simulated Case, Scenario 1 [14] Simulated Case, Scenario 2 [14] Simulated Case, Study Annual DNI (kWh/m 2 ) 1907.30 1907.30 2416.30 Hybridization (%) 0.00 15.00 0.00 Net energy production (GWh/year) 18.15 44.40 18.45 Net energy production difference (%) 1.60 (scenario 1.00 and study) Annual capacity factor (%) 10.60 26.00 10.50
Optimization of the Field of Heliostats
From the above, for the optimal points of operation of CSP system of the three regions, it can conclude that the optimal heliostat field corresponds to the solar multiple and storage hours: SM = 1.8, TES = 2 h for Béchar region; SM = 1.2, TES = 2 h for El Oued region; and SM = 1.5, TES = 4 h for Djelfa region. The simulation results are shown in Figure 9 . Figure 9 shows how the largest STE was produced in the Djelfa region, although the highest SM was found in the CSP heliostat field configuration of Béchar region.
Discussion
Algeria is one of the most suitable countries for the cheap production of electricity from solar energy sources, especially from solar thermal concentration technology. Despite the great virtues of solar energy, the development of technologies that allow its use has been gradually slowed down by its disadvantages, including its high investment costs and the impossibility of generating energy at times when there is no solar radiation or it is intermittent due to the passage of clouds.
This study researches the influence of solar normal irradiation on solar power plants and its efficiency. It simulates the electricity production, capacity factors, and surface area required for solar field versus solar multiples considering the effect of TES at different capacities. The study focuses on optimization of CSP heliostat field configuration. Prediction of the field area and solar multiple can directly increase the efficiency of the solar power plant and power production rate. Also, the accumulation of energy through molten salt systems is an adequate solution to promote the use of solar energy.
According to study of the German Aerospace Centre (DLR), Algeria has with 1,787,000 km 2 of Sahara desert, the largest long-term land potential for concentrating solar thermal power plants. The insolation time over the quasi-totality of the national territory exceeds 2000 h annually, and may reach 3900 h (High Plains and Sahara) [35] . The daily obtained energy on a horizontal surface of 1 m 2 is of 5 kWh over the major part of the national territory, or about 1700 kWh/m 2 per year for the north and 2263 kWh/m 2 per year for the south of the country [36] .
The solar thermal power plant is one of the promising renewable energy options to substitute the increasing demand of conventional energy [37] . The design of the solar towers allows the collector to reach a higher temperature than the cylindrical-parabolic ones. This higher temperature allows for Figure 9 shows how the largest STE was produced in the Djelfa region, although the highest SM was found in the CSP heliostat field configuration of Béchar region.
The solar thermal power plant is one of the promising renewable energy options to substitute the increasing demand of conventional energy [37] . The design of the solar towers allows the collector to reach a higher temperature than the cylindrical-parabolic ones. This higher temperature allows for more efficient conversion to electricity, as well as cheaper storage of thermal energy for later use.
The position of heating head is an important factor for power collection. If the sunlight can be concentrated to completely cover the heating head with small heat loss, it can obtain the maximum temperature of the heating head of the Stirling engine. Therefore, the temperature of heating head can be higher than 1000 • C on a sunny day [38] .
The choice of the solar field is a difficult exercise, for example, a choice of solar multiples between 1.4 and 1.6 is suitable for high-optical performance with a lower surface of the field, and the starting arrangement must be very close to the optimum configuration, based on the experience obtained from the plants already in operation [39] . The thermal energy storage capacity is insufficient for the whole night, it covers between two and four hours hence the obligation to use an auxiliary energy source.
The starting layout must be very close to the optimum configuration (length of the tower, surface of the mirrors, dimension of the receiver), it is important therefore looking to design a cheaper and better performing heliostat concentrator.
In terms of direct solar irradiance, a measure of the gross energy received per unit area, Algeria is one of the most suitable countries for the cheap production of electricity from solar sources, especially from solar thermal concentration technology [40] . On the other hand, a reduction of taxes decreases leveled cost of electricity generated by CSP solar technologies [41] .
However, it should be borne in mind that the type of geometry used in the construction of the reflective surface of a heliostat has a significant influence on the shape and size of the image generated in the plane of the receiver, and therefore on the energy density and the amount of energy intercepted by this element [42] .
Concentrating solar power is clean and reliable, can be produced during high demand, and has the potential to meet a country's growing needs in the future. In addition, thermal storage systems prevent fluctuations in supply, allow production to continue in the absence of solar radiation, when direct generation is not possible, and allow production peaks to be transferred in accordance with demand requirements [43] .
The research carried out in this work will be useful to optimize the performance of solar tower power plants of molten salt external receivers and to plan its design properly [44] . The results can hopefully help the Algerian government to decide on policies related to performance of solar tower power plants of molten salt external technologies. It has been proven that although energy production is lower in the northern regions of Algeria, it is profitable and allows for the efficient supply of electricity to regions that do not currently have electricity grids.
As prospects for future research, it will use the performance of the solar advisor model for integrating financial modeling into project models. It is also advisable to evaluate the incorporation of a wind barrier in the perimeter of the CSP in order to protect the components from high wind levels and the dust it carries. The barrier protects the heliostats from bursts and prevents the continuous movement of sand that may enter the solar field and deposit on the components.
Conclusions
A comparison study between three power stations located in the Algerian regions of Béchar, El Oued, and Djelfa was developed. Each plant is equipped with a molten salt storage mode, the receiver is of external type, and the implantation of the field of heliostats which have been defined for an annual production of 20 MW. It became evident that the regions in Northern Algeria are suitable for the production of concentrated solar energy, It was found that the system advisor model software is a suitable tool to calculate normal direct irradiation on the performance of solar tower power plants of molten salt external receivers. The use of this software was very interesting in the study. It was observed that direct normal irradiation is a fundamental factor in order to choose an adequate region. High values correspond to a high performance of the solar power plant, resulting in high production and storage capacity.
The results showed that the optimal heliostat field corresponds to 1.8 SM and 2 TES hours in Béchar, 1.2 SM and 2 TES hours for El Oued, and 1.5 SM and 4 TES hours for Djelfa. Therefore, thermodynamic plants should be studied through their direct normal irradiation instead of global horizontal irradiation and diffuse horizontal irradiation.
Finally, this study shows that there is a strong and direct relationship between SM, power generation, and storage capacity hours. The higher value of SM corresponds to higher values of production and storage capacity. Since the storage hours do not cover the whole night, it is essential either to increase the number of heliostats, and therefore factor SM, or provide an auxiliary source of energy to guarantee permanent activity for 24 h.
As lessons learned, it became evident that satellite meteorological data give better results compared to actual data, as electricity production can be twice as high as actual data because the latter take into account atmospheric conditions (clouds, wind, pollution, etc.).
It was found that the system advisor model software is a suitable tool to calculate normal direct irradiation on the performance of solar tower power plants of molten salt external receivers. The use of this software was very interesting in the study. It is observed that direct normal irradiation is a fundamental factor in order to choose an adequate region. High values correspond to a high performance of the solar power plant, resulting in high production and storage capacity. Funding: This research received no external funding.
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